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Abstract

Multiligament injury of knee is usually the result of sports injury and trauma. Multiligament injury that caused
by high-energy trauma often shows the coexistence with fracture and fracture-dislocation. It is vital to perform
the surgical procedure in the correct order. Disruption of at least 2 of the 4 primary knee ligaments is called
multiligament injury of knee. In most cases that also accompanied by knee dislocation, may seem reduced
radiologically, but it is important to keep an eye open for the risk of vascular and nerve pathologies. Decision
making in the multiligament injury of knee has some controversies, especially surgical versus conservative
treatment, repair versus reconstruction of injured ligamentous structures, acute versus late surgery, and single
versus two-staged surgery of injured ligaments.

This review investigates the diagnosis and treatment of the multiligament injuries of knee. Possible complica-
tions, surgical tip and tricks were also shared with our clinical experiences.
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Introduction

Knee ligaments plays a critical role in providing of static knee stability,
the protection of kinematics, preventing abnormal rotation and dislo-
cation. Injury of these structures is also cause damage in meniscal
structure, chondral surface and knee dislocation[1]. Traumas that con-
taining two or more knee ligament injuries is called "multiple ligament
injuries’. Multiligament injury of knee (MLIK) and knee dislocation (KD)
can be classified in several different ways according to number of in-
jured ligaments, direction of displacement (Kennedy[2] classification)
and velocity of energy. MLIs are often seen together with knee dis-
location however do not present as an obvious knee dislocation (KD)
and most spontaneously reduce prior to evaluation [3]. The most com-
monly preferred classification was described by Schenck which based
on the pattern of multiligamentous injury of KD in practice [6]. The
incidence of vascular injury in knee dislocations with multi ligament
injuries has been estimated as 18% and the frequency of nerve injuries
was 25%[4,5]. The MLIK, although rare, is a life treating injury with the
potential for loss of limb due to susceptibility of an associated vascular
and neural injury[5,6].

Figure 1. Knee anatomy and vascular supply

The structures that stabilizing the knee are divided into primary and
secondary. Primary structures are ACL, PCL, MCL and LCL. These four
primary ligaments basis for the classification of multiligament in-
jured-knee.

Table 1. Primary and secondary stabilizing structures of kneel[7].

Directions Structures

Medial Superficial MCL (primary), joint capsule, medial meniscus,
ACL/PCL

Lateral Joint capsule, IT (iliotibial) band, LCL (middle), lateral me-
niscus, ACL/PCL (90 degrees)

Anterior ACL (primer), joint capsule

Posterior PCL (primer), joint capsule; PCL, tights with internal rotation

Rotational Combinations: MCL, external rotation; ACL, internal rotation
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Recent studies shows that the popliteal artery injury is 20-40%, neuro-
logical damage due to direction of dislocation was found 16-40% of all
multiple ligament injuries[8,9]. According to the anatomic classification
of Schenck, vascular injury rate was highest in patients with Type IV.
However, the management of multiple ligament injury is difficult and
brings many complications. 80% of patients diagnosed with vascular
injury are underwent surgical repair. 12% of patients who have vascular
injury are amputated during this process[4].

Table 2. Table 1. Anatomic classification of knee dislocations using Schenck classification
with Wascher modification[10].
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KDI Injury to a single ligament (ACL or PCL)
KDII Bicruciate injury only
KDIII Multiligamentous injury involving rupture of
bicruciate and either collateral
KDIIIM | Multiligamentous injury involving bicruciate
and MCL rupture
KDIIIL Multiligamentous injury involving bicruciate 32% Vascular inju-
and LCL rupture ry (highest rate)
KDIV Panligament rupture
KDV Fracture-dislocation

Neurovascular injuries and complications associated with knee dislo-
cation must be demonstrated and emergency interventions should be
implemented at the acute stage. Single or two-stage surgical proce-
dures, open or closed surgical strategies is adopted in chronic process.
Isolated Posterolateral corner (PLC) or Posteromedial corner (PMC)
injuries considered as multiple ligament injuries; such as combination
of Anterior Cruciate ligament (ACL), Posterior Cruciate ligament (PCL),
Lateral Collateral (LCL) and Medial Collateral ligament (MCL) also de-
scribed as multiple ligament injury[5,11].

Physical Examination (PE):

After limb-threatening pathologies are excluded, the surgeon must fo-
cus on the examination of ligaments. Lachman test, anterior drawer
and pivat shift test for ACL, a posterior drawer for PCL, medial and
lateral stress tests at 20-30° flexion for MCL/LCL and PLC/PMC is per-
formed while examination. If the bucket-handle tear or another locked
knee pathology has occurred, the physical examination may fail. Knee
effusion, distal pulses and neurologic conditions must be checked
starting from the emergency conditions to 48 hours after trauma. Knee
must be reduced befaore vascular examination. Accuracy of PE of dis-
located knee for injury of the popliteal artery can be safe and reliable
method with a 943% positive predictive value[12]. Coronal and sagittal
plane or multidirectional instability can be found and knee could easily
dislocate multidirectional in the examination. Knee extensor mecha-
nism in favor of probable pathological as patellar tendon rupture. An
initial examination is very important in order not to overlook the patel-
lar tendon ruptures.

Imagination:

After a detailed PE, anteroposterior and lateral x-ray images are taken.
Immediate anterior-posterior knee radio-graphs may be helpful before
manipulation for dislocation. Possible avulsion fractures and a second
type fracture detected by plain radiographs may give an idea about
injured ligaments. After a reduction maneuver, plain radiographs must
be repeated.

For further evaluation of detected intra-articular fracture, CT is need-
ed. The patient with knee dislocation is under high risk of neuravascular
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Figure 2. Anteroposterior and lateral radiography of a patient with rotational dislocation
of right knee

tear.

Figure 2. Anteroposterior and lateral radiography of a patient with rotational dislocation
of right knee
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injury. Although the ankle brachial index is not a gold standard for every
patient, it can be useful in emergency conditions. The associations of
low (< 0.90) and high (> 140) ankle brachial index (ABI) may predict
the potential vascular damage. However, contrast-enhanced computed
tomography (angiography] is the most useful imaging method for de-
tecting vascular pathology. Hematoma draining can apply under sterile
conditions for limiting acute hemorrhagic process, then can hospitalize
with splint immaobilization. A conventional MRI is necessary to evaluate
ligamentous structure and for surgical planning. The necessity of Dop-
pler ultrasonography is not clear, but it is useful for vascular integrity
before CT angiography.

Surgical strategy and algorithm:

Antibiotic prophylaxis is performed 30 minutes before surgery with 1g
of cefazolin iv. for closed wound injury. The surgical approach depends
on the number of injured ligaments. Isolated ACL and PCL can be re-
constructed via arthroscopic. However, MCL, LCL, PLC injuries needs
open approach or combination of mini-open and arthroscopy. Before
the surgical process, examination must be repeated under anaes-
thetic conditions. Routine arthroscopy is performed through standard
anterolateral and anteromedial portals. If open approach is going to
prefer, medial parapatellar or sub-vastus arthrotomy is useful for mul-
tiligament management. After the arthrotomy is made and appropriate
releases performed, intra articular pathologies should be check for the
overlooked injuries such as patellar tendon/Quadriceps rupture and
osteachondral fractures.

A complete debridement is performed for intra-articular ligament
remnants via arthroscopic. After the detecting of existing pathologies,
in order to be applied as follows: primary repair and reconstruction is
followed.

1. Reduce the meniscal torn/bucket-handle and repair with sutures®.
2. Prepare the tibial and femoral tunnels for posterior cruciate liga-
ment™. If the double bundle ACL reconstruction is preferred 2 tunnels
must be divergent with a 1- to 2-mm bone bridge at the aperture.

3. Prepare the femoral and tibial tunnels for anterior cruciate ligament.
Check the pin replacements by C-arm fluoroscopy.

4. Firstly, PCL tendon graft is inserted to the PCL femoral and tibial
tunnels with suture guides. PCL tendon graft is fixed on the femoral
side™.

5. ACL tendon graftis inserted to the ACL femoral and tibial tunnels with
suture guides. ACL tendon graft is fixed at the femoral side.

6. Satisfy the leg alignment and palpate the tibiofemaral step-off while
knee fixed 90° of flexion (The surgeon must ensure that the anatomic
anterior step-off of the tibia has been re-established.)

7. A single bundle PCL tendon graft is fixed on the tibial side by an in-
terference screw while graft tensioned and posterior drawer test is
applying.

8. ACL tendon graft is fixed on the tibial tunnel with an interference
screw while knee at near neutral extension and neutral position on
sagittal plane. Both grafts is fixed by a tensile force of about 10 pounds.
9. The knee is then cycled through repeated arcs of motion to ensure
that the graft is well settled and tensioned.

10. Once bi-cruciate ligament stability has been re-established, collat-
eral laxity can be re-evaluated. Medial collateral and lateral collateral
ligaments is repaired/reconstructed after the fixation of ACL and PCL
grafts. To avoid the increased risk of failure the MCL graft tibial inser-
tion should be posteriorized to mimicking the anatomy[13].

11. Menisco-capsular junction tears is repaired with primary sutures
after achieving valgus-varus stability.

12. Drainage set is applied in to the joint after repairing of capsule.

A full extended, hinged knee brace is applied for immobilization. The
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Figure 5. MRI scans of a multiligament injured knee, postoperative 6th month; ACL, PCL, PT,
MCL and the meniscal structure was intact, the LCL was re-ruptured.

patient who undergo primary repair and reconstruction of multi lig-
aments were allowed to bear weight on the surgical extremity with
a hinged knee brace locked in extension. Use of brace is continued
during 6 weeks after surgery. Active rehabilitation treatment and full
weight bearing is started after 6 weeks of surgery. Second phase of re-
habilitation contains gradually progress (10° per week, if it is possible)
to full range of mation, quadriceps exercises, full weight bearing and
normal gait pattern.

* Itis easy to repair the meniscal tears before cruciate reconstruction.
** Make sure that the tibial tunnel entry points are not too close. The
femoral footprint of the ACL is evaluated using the lateral intercondylar
ridge as a reference and secure a 2-mm back wall.

** The tibial tunnel was prepared using a guide with an angle of 45 de-
grees, placed in the posterior region, at the midpoint of the lower part
of the PCL facet. In the lateral fluoroscopic view, the guide pin must
be 5.5 mm proximal to the champagne-glass drop-off on the posterior
aspect of the tibia.

“** With the knee flexed to 120, an eyelet guide pin is then placed in the
femoral footprint, midway between the anteromedial and posterolater-
al bundles, through the accessory medial portal.

Discussion

Knee dislocations are classified by two different ways. One of these
classifications is defined according to the direction of the tibia is dis-
placed. This results in 5 different categories: anterior, posterior, lateral,
medial, or rotatory. The anterior-medial and lateral, posterior-lateral,
and medial dislocations are classified as ‘rotatory” dislocation. This
case is classified as posterior-lateral rotatory dislocation which occur
less than 3% off all knee dislocations.

Mechanism of knee injury determines the direction of the knee dislo-
cation. A posterior-directed force applied to the proximal tibia when
the knee is flexed to 90° is thought to produce a posterior dislocation,
the so-called “dash-board" injury. Medial and lateral dislocations result
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from varus/valgus stresses applied to the knee. A combination of var-
us/valgus stress with hyperextension/blow to proximal tibia will likely
produce one of the rotatory dislocations. The second classification is
done according to the anatomical classification of multiple ligament
injuries. Classification that is done according to the multiple ligament
injuries, known as Schenck classification [14].

Few recent studies in the literature have directly compared surgical
treatment (repair) of multiligament knee injuries with nonoperative
management[15,16]. Bicruciate injured knee is a cause of instability in
itself. From this perspective, surgical management is unavoidable for
multiligament injury. While arthroscopic technigues have not yet been
used, conservative treatments have been used in the past. Nowadays,
it is technically impossible to compare surgical treatment with conser-
vative treatment and surgical treatment of multiple ligament injury is
no longer a matter of debate.

Patients with both cruciate ligament reconstruction may lead to graft
loss, if the posteromedial corner injury is neglected|17]. Therefore, PMC
repair has primary importance in multi-ligament injuries. Primary re-
pair of PLC is known with high revision rates[18,18]. Therefore, recon-
struction of PLC should be preferred instead of repair in patients with
PLC injuries. Meniscal tears and chondral damage is observed in most
cases of knee dislocation with multiple ligament injuries. In our case,
both side meniscal tears have been treated by primary sutures with
early surgical procedures. Because of the late repair of meniscal tears,
low IKDC scores and three compartmental chondral damage will be
inevitable[20,21].

Surgical timing:

Surgical timing depends on the ligaments injured, the vascular com-
promise of the extremity, compartment syndrome, accompanied by
open fracture, and irreducible dislocation. Reduction stability, and the
overall health of the patient. The patients with knee dislocation must be
examined for vascular compromise and nerve injury. After determining
vascular injury, temporary external fixator must be applied urgently.
There are conflicting results on timing of primary surgery in the lit-
erature. When the treatment of the patients with multiple ligament
injuries is compared as surgical or conservative, and early or late sur-
gical timing, excellent / good functional and clinical outcomes can be
achieved [18,22].

Jiang et al. reported a systematic review about the timing of surgical
treatment of knee dislocations. They reported that was no difference
in the surgical processes significantly between surgical timing groups
such as acute, chronic, or staged [23]. But we believe that the early
diagnosis and treatment of multiple ligament injuries will improve the
functional outcomes. If there are skin problems, vascular repair and
additional injury (polytrauma, compartment syndrome, etc.) delayed
surgery (3w<) can be performed.

Surgical algorithm of multi ligament injuries:

The way to be followed in this stage will determine the success of the
surgery. First step toward the multi ligament surgery is cruciate re-
construction. While setting the bi-cruciate reconstruction, PCL must be
tensioned and fixed to the femoral and tibial tunnels before ACL graft
replacement. PCL is cornerstone of multi ligament reconstruction. If
the ACL graft attach to the tunnels before PCL reconstruction, tibial
subluxation can provoke posteriorly[24].

Second step is repairing of collateral ligaments that laxity is repeat-
ed under anesthesia to confirm the initial clinical impression and the
findings suggested pre-operatively[25]. Neglected injury of the PMC is
one of the causes of ACL and PCL graft failures.[7]. Diagnosing and
management of PMC injuries are critical for graft survey.

Third step of MLKI surgery is includes the repair of concomitant inju-
ries like medial patellofemoral ligament tear, quadriceps tendon and
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patellar tendon rupture. These structures can be left to the 2nd stage
surgery. These structures may also lead to graft failures and results
with poor clinical outcomes if neglected[172526). Acute/immediate
treatment of patients with knee dislocation that primary repair and
reconstruction, requires a substantial experience and planning.
Rehabilitation:

Combination of primary repair and reconstruction of MLKI treatment
by single stage open or closed surgical procedures can result with
successful outcomes[24]. Duration of prolonged immobilization has
made it difficult to prevent arthrofibrosis in this case. Passive mation
is necessary to prevent arthrofibrosis at the first 4 weeks after the
reconstruction of multi-ligament injuries [16]. Accompanying patellar
tendon rupture or avulsion fractures adversely affect the rehabilitation
process.

Conclusion

In this article, depending on the traumatic knee dislocation; the surgi-
cal management of MLIK is discussed. Vascular injury following a knee
dislocation is a potentially devastating component that could result in
loss of life or limb. Care must be taken because of the high incidence
of vascular and nerve injuries after knee dislocation. MLIK should be
treated in the acute setting whenever possible. The followed order of
the multiligament reconstruction has a key role for the success of the
surgery. Approximately, all of the multiligament injury can be treated in
a single stage. A second stage procedure can be needed for the recon-
struction of secondary stabilizers such as MPFL. Postoperative reha-
bilitation of multiligament injured knees necessitates close follow-ups
and longer periods of supervision by an experienced physical therapist.
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